Introduction
The continuous development of resin-composite materials aims for long lasting aesthetic dental restorations. There is a large range of available resin-composites, generalisation about their behaviour and performance should be made d e n t a l m a t e r i a l s x x x ( 2 0 1 6 ) xxx-xxx or collectively, determine the longevity of the restoration [1] [2] [3] [4] [5] [6] . From a material aspect, the performance of the resincomposite restoration depends on several factors including the monomer system, the filler type, filler loading and the extent of cure [7] . Degradation of resin-composite restorations in the oral environment can be simulated by the use of different food simulating solvents which are known to cause different effects on the mechanical properties of the restoration and its longevity [4, [8] [9] [10] . Similar polarity of a particular solvent and a substance will tend to make them mutually soluble, different polarity on the other hand will make the solubility difficult [11, 12] . The effect of solvents on resin-composites is determined by their solubility parameter and the nature of their monomer. The solubility parameter is important in terms of its similarity to that of other substance [10] .
The solubility parameter is defined as the square root of the cohesive energy density of the solvent; it is a mean of predicting the ability of a solvent to dissolve a substance (Eq. 5-1). It provides a clear numerical way of predicting the extent of interaction between materials. Solubility parameter is expressed as ␦/MPa 1/2 [11, 12] . Water is known to be used as an aging media in several studies [10, [13] [14] [15] , ethanol and Methyl ethyl ketone (MEK) are known to represent food simulating solvents and cause an extreme dietary effect.
c: cohesive energy density, H: heat of vaporisation, Vm: molar volume, R: gas constant and T: temperature. In the chemical degradation theory, the chemical components of food and saliva may be absorbed by the resin matrix, resulting in softening and surface destruction [16] . Degradation of fillers could also be a potential problem regarding durability and marginal integrity as it may cause de-bonding from the material [17] [18] [19] . Clinical performance of resin-composite materials is determined by their mechanical properties including their fracture toughness, flexural strength, compressive strength, diametral tensile strength, surface hardness and wear resistance [5, 20] . Failure of resincomposite restorations is commonly represented by fracture of the restoration, tooth fracture, marginal fracture, discolorations, marginal staining and secondary caries [1] .
Surface hardness is a surface property that is defined as the resistance of the material surface to indentation [21] . Measuring the surface hardness can give an indication of the degree of conversion and consequently the clinical performance of resin-composite material after aging in food simulating solvents [22, 23] . Furthermore, Dental restorations are expected to withstand tensile stresses from oblique or transverse masticatory functional loading, therefore tensile strength is an important property for any dental material [24] . Since resincomposites are relatively brittle under conventional loading rates, they would be expected to fail under tensile stresses during mastication. For this reason, the tensile strength of these materials may be considered to have more clinical relevance than the compressive strength [25] .
Recently available resin-composites incorporate a range of monomer systems that may respond differently to aqueous and non-aqueous solvents as present in food materials. For a given matrix, the most likely effect of a solvent is to decrease its mechanical properties [18, 26] nevertheless, hardness of resin-composites have been shown to progressively increase over a period of time of at least 30 ds. Therefore, it is possible that some opposing trends could be operating during the period of solvent storage: first, the softening effect of the solvent and secondly the hardening effect due to the elevated degree of conversion [27] [28] [29] [30] .
The effect of the food simulating solvents is one aspect of simulation of the oral environment. Therefore, the objectives of the present study was to investigate the effect of three solvents (de-ionized water, 75% Ethanol/water and MEK) on the surface micro-hardness and diametral tensile strength of eight commercially available resin-composite materials. In this study, the null hypotheses were 1) There is no significant difference between the examined materials with the regards to their surface micro-hardness and DTS, 2) Different solvents provoke the same effect on different materials (on surface micro-hardness and DTS) and 3) There is no significant difference between the aging durations on the surface micro-hardness of the examined materials.
Materials and method
Eight resin-composite materials were investigated (Table 1) . There were four bulk-fill, two nano-hybrid and two microhybrid resin-composites.
Surface micro-hardness
120 disk-shaped specimens were produced according the manufacturers' instructions. 15 specimens were made for each material using a Teflon mould with an internal diameter of 10 mm and 2 mm thickness. The specimens were made carefully, to avoid any air entrapment during placement of the uncured material. The specimens were fabricated at a room temperature of 23 ± 1 • C and a relative humidity of 50 ± 2%. The mould was sandwiched between two polyester films and microscopic slides (1 mm thickness) on each side. The curing was made for 20 s at an output irradiance of 1200 mW/cm 2 using an Elipar S10 LED curing light from 3 M ESPE. The light output was measured using a laboratory grade NISTreferenced USB-4000 spectrometer (MARC Resin Calibrator v.3, Blue-light analytics Inc, Halifax, NS, Canada). The specimens were irradiated from top and bottom surfaces. The specimens were finished to remove any irregularities using 1000 grit abrasive papers.
Immediately after polymerization, the specimens were stored in an oven at a 37 ±1 • C for 24 h. The baseline 
Diametral tensile strength
120 disk-shaped specimens were produced according to the manufacturers' instructions. Split stainless steel moulds were used to make disk-shaped specimens of 6 mm diameter and 2 mm thickness (n = 15). Material was placed in the mould between two polyester films and microscopic slides (1 mm thickness) and cured from both sides for 20 s by an Elipar S10 LED curing light from 3 M ESPE (1200 mW/cm 2 ). The light output was verified using a laboratory grade NIST-referenced USB-4000 spectrometer (MARC Rsin Calibrator v.3, Blue-light analytics Inc, Halifax, NS, Canada). Specimens were carefully removed by unscrewing the split mould and were subsequently finished to remove any irregularities using 1000 grit abrasive papers. Specimens were randomly assigned to one of the three storage groups; de-ionized water, 75% ethanol/water, methyl ethyl ketone (MEK). Each specimen was placed in a glass vials with 10 ml of the storage media and stored in an incubator at 37 • C for 30 ds. After the storage period specimens were taken out of the storage media and blot dried carefully. Diametral Tensile Strength (DTS) was measured with a universal testing machine (Zwick/Roell Z020, Leominster, UK) at a cross head speed of 0.5 mm/min. The DTS value in MPa was calculated using the following Eq. [25] 
where F is the maximum force applied to failure (N), d is the diameter (6 mm) and t is the thickness (2 mm).
Statistical analysis
Using SPSS (Version 20.0, IBM, New York, USA), data were analysed using three way ANOVA to investigate the interaction between the dependent variable (VHN) and the independent variables (materials, the solvents and storage times) and one way ANOVA. Data were analysed for equal variances using Levene's test of homogeneity of variance (p < 0.05). Following the assumption of equal variance, Tukey's post-hoc test was done to establish homogenous subsets at (p < 0.05). Data for the DTS values were analysed using two-way ANOVA to investigate the interaction between the dependent variable (DTS) and the independent variables (materials and solvents) and One-way ANOVA followed by Tukey's post-hoc tests (p < 0.05) after the assumption of equal variance. Regression analysis was made to investigate the relationship between the filler loading and the VHN and DTS of the materials. Regression analysis was carried out to investigate the relationship between the VHN and DTS values.
Results

Surface micro-hardness
The means and standard deviations of the VHN of the investigated materials are presented in Table 2 . The interaction between the resin-composite materials, solvents and storage times was statistically significant (p < 0.0005). VHN of the material after 24 h of curing ranged from 22.65 (1.2) for V-BF to 61.42 (3.8) for EVX. After the final aging period (90d), VHN ranged from 4.24 (0.4) for SDR to 29.76 (2.8) for TEC-BF in 75% Ethanol/water and from 6.86 (1.5) for SDR to 25.55 (1.5) for EVX in MEK (Fig. 1) .
The aging period had a significant influence on VHN; the baseline values were significantly higher compared to the other subsequent values measured over the different periods of time (p < 0.05). The reduction in VHN, in 75% ethanol/water stored specimens, ranged from 38% for TEC-BF to 87% for SDR (Fig. 2) . On the other hand, the MEK stored specimens, the reduction ranged from 49% for TEC-BF to 79% for SDR (Figs. 3-11) . Fig. 1 -Means and standard deviations of the VHN in water. V-BF, TEC, TEC-BF, EVX and GA-A showed more drastic VHN reduction in MEK stored specimens compared to 75% Ethanol/water stored specimens. GA-F showed no significant difference in the amount of reduction in both solvents 50%. SDR and GA-P showed more surface degradation with 75% Ethanol/water solvent (87%-57%, respectively) compared to MEK stored specimens (79%-55%, respectively) Fig. 12 . In analysing the relation between the VHN and the filler loading, there was a positive correlation between the filler loading and the Micro-hardness of the investigated materials (r 2 = 0.72).
The VHN at 90d was plotted against the logarithmic values of the solvent solubility parameters (Fig. 12) ; a positive linear regression was found with all the investigated materials. 
Diametral tensile strength
The means and standard deviations for the DTS values after 30 ds of storage are summarized in Table 3 and Fig. 13 . There was a significant interaction between the resin-composites and the solvent type (p < 0.0005). Generally, the highest values were observed for the water stored materials while the lowest values were observed for the MEK-stored materials. GA-F showed the highest value in all the three solvents. GA-A showed the highest reduction in DTS value among the other materials when stored in MEK (7.98 ± 1.64 MPa).
Solvent solubility showed a significant relationship with the DTS values as it was demonstrated in Fig. 14 
Discussion
The results of this in vitro study reject the research hypotheses, supporting that the resin-composite material itself, the storage medium and the storage duration have an influence on the clinical performance and longevity of the dental resincomposite materials. The mechanical properties of resin-composites depend primarily on their monomer system, filler loading, filler size and the filler-resin interface [7, 31] . For that purpose, different materials were selected in this study to represent different categories and highlight the effects of their differences. V-BF, TEC-BF, TEC and GA-F are nano-hybrid composites with different monomer systems. On the other hand, GA-A and GA-P are micro-hybrid composites with different loading percentages and UDMA-based monomer matrices. EVX is a glass fibre-reinforced material with Bis-GMA-based matrix. SDR is a fluoride containing flowable bulk-fill material based on modified UDMA matrix.
Surface micro-hardness of resin-composite materials correlates with their mechanical properties such as abrasion resistance and form stability. Additionally, micro-hardness is considered as a strong indication to the degree of conversion of the material. Accordingly, measuring the surface microhardness could be a method of determining the longevity and the service life of the direct resin-based restorations [11, 23, 26, 32, 33] . Top surface hardness was measured as it received the maximum irradiance from the light curing unit and to avoid the attenuation of the light by passing through the bulk of the material [34] .
Tensile strength of dental restoration is considered a critical indicator of their success as material with high tensile strength is mandatory to withstand the multidirectional masticatory forces. Diametral strength measurements is a method of evaluating the tensile strength of brittle materials as it overcomes the difficulties associated with other methods [24, 26] .
For the purpose of simulating different oral conditions, three solvents were included in this study with increasing solvent powers. Water has been proven to cause various effects on dental resin-composites as a result of degradation process [7, 12, 15, 35, 36] . Ethanol and MEK are solvents of choice to simulate an accelerated ageing process. Both solvents have solubility parameters that closely match that of the resin, (e.g. PMMA = 18.6, as a close approximation to dimethacrylates), 26.2 ␦/MPa 1/2 and 19.3 ␦/MPa 1/2 , respectively [11, 12, 18, 35, 37] . The closer the solubility parameter of a solvent to a substance, the stronger the softening effect of the solvent is [12, 37] . Ethanol has been approved by the U.S food and drug administration (FDA,1976) as a clinically relevant food simulator [38] . MEK has been approved as a food additive by the FDA and it is naturally found in meat, yogurt, fruits and vegetables [38, 39] .
Several studies demonstrated a significant influence of different aging media and aging times on the mechanical properties of resin-based composites [12, 26, [40] [41] [42] . Hahnel and others demonstrated a significant effect of the composite materials and the storage times on the surface hardness and flexural strength; on the other hand Drummond showed a significant influence of the resin-composites and the storage media but not the storage times [18, 40] . In the present study, there was a significant interaction between the resincomposite, storage media and the storage times (p < 0.0005).
The changes in the mechanical properties of resincomposite materials after aging are results of the uptake of the aging liquid in to the porosity and intermolecular spaces within the material. This uptake results in physical and chemical degradation of the material [26, 43] . Physically, as the solvent diffuses in to the network system it causes expansion and loss of the unreacted monomers, oligomers and ions. Consequently, these solvents occupy the porosities act as plasticisers without forming any chemical bonds to the network system [18, 26] . On the other hand, chemical degradation occurs through hydrolysis that causes changes in the polymer network microstructure and produce oligomers and monomers. Prolonged storage times can lead to pores formation within the network system through which the oligomers and monomers are lost [18, 26, 44] .
In the present study, the decrease in the VHN and DTS was more pronounced with the 75% Ethanol/water and MEK groups compared to the water stored group. The effect of water on VHN of the investigated material can be explained by the difference in the solubility parameter of the water (48.0 ␦/MPa 1/2 ) compared to the resin-based materials. These results were in agreement with other studies comparing different solvents effect on resin-based composites [11, 26, 37, 45, 46] . Organic solvents, as Ethanol and MEK, showed more detrimental effect on the mechanical properties compared to water storage. Several studies have demonstrated more complete extraction of monomers and oligomers with the organic solvents that could explain their stronger impact on the mechanical properties [8, 12, 45, [47] [48] [49] [50] .
In the present study, the positive correlation of VHN with the filler loading was confirmed (r 2 = 0.72). This is in agreement with several studies that relate the filler loading to the surface hardness of the resin-based materials [51] [52] [53] [54] [55] . V-BF and SDR Bulk fill materials showed the lowest VHN and this could be explained by their low filler loading [56] . They demonstrated significant reduction in their VHN at 90d storage time that could be explained by their monomer system containing UDMA which is more prone to solvents dissolution compared to the Bis-GMA monomer [16, [42] [43] [44] . Another possible reason was stated by Leprince et al. that the use of plasticizing monomers to reduce shrinkage stress with these bulk fill composites explains the increased softening effects by solvent storage [51] .
The fibre-reinforced material investigated in this study (EVX) yielded the highest VHN at base line measurements which could be related to the short glass fibres incorporated in their filler system as this was supported by previous studies that showed a comparable increase mechanical properties compared to the other commercial composites [57, 58] . The effect of solvents on the VHN of this material after 90 days was 30% reduction in water and 51% in ethanol and 55% in MEK. This reduction in VHN can be explained by the potential deteriorative effect of solvents on the interfacial adhesion between the matrix and the glass fibres. Fibre-reinforced composites absorb more water than conventional composite, which is related to the hydrophilicity of the polymer network and the reduced stability of the filler particle in the solvent [15, 57, 59, 60] .
The three nano-hybrid composites (GA-F, TEC and TEC-BF) gave high VHN values compared to the other studied materials (excluding EVX). These values can be as a result of their filler loading which ranges from 50 to 61% and the nano-sized filler particles. Nano-hybrid resin-based materials showed better mechanical properties when compared with the other materials [61, 62] . These nano-hybrid materials showed a reduction of around 50% in 75% Ethanol/water and MEK after 90 days of storage except for TEC-BF that showed the least reduction in VHN among all the investigated materials after storage. TEC-BF besides having camphroquinone and amine photoinitiator system, it has an initiator booster (Ivocerin TM -a dibenzoyl germanium compound) that enables the material to polymerise in thicker increments (4 mm) [51, [63] [64] [65] . Having the initiator booster in their activation system could increase the cross linking density of the cured material leading to their high resistance to solvent degradation.
The Bis-GMA free composites (GA-G and GA-P) produced a VHN that ranges from 37.89 and 47.19, respectively. GA-A showed more VHN reduction in all storage media compared to its posterior counterpart. As both materials are having the same monomer system, the difference can be attributed to the different filler loading between the materials. This result strongly supports the positive correlation between the filler loading and surface micro-hardness [51] [52] [53] 55, 66] .
Despite the fact that the investigated materials demonstrated significant reduction in the VHN from the base line measurements after storage, there is a slight increase that was observed for some materials at the 90 days storage time. This increase can be related to the post-irradiation polymerisation caused by the remaining free-radicals in the resin matrix. Postirradiation polymerisation is supported by the fact that the maximum degree of polymerisation needs a long period of time to be reached [27, 28, 50] .
The investigated materials showed different ranges of DTS values in each solvent. The effect of the solvents on the DTS values in this study was similar to that on the surface micro-hardness. The impact of each solvent was determined by its solubility parameter, more material degradation occurred with MEK storage followed by 75% Ethanol/water and lastly by water storage [47] . That was supported by the significant interaction found between the material type and solvent (p< 0.0005).
The bulk fill flowable materials, SDR and V-BF, showed significant reduction in their DTS values when stored in 75% Ethanol/water and MEK. The DTS values of SDR after storage in 75% Ethanol/water represented a 53% reduction when compared to DTS values after water storage, MEK stored samples showed even more reduced values up to 72% of the water stored DTS values. V-BF DTS values showed similar behaviour with 36% and 59% reduction after 75% Ethanol/water and MEK storage. Their low filler loading indicates high resin contents which is based on UDMA and EBADMA. UDMA-based monomer system have shown less resistance to solvent degradation compared to the BIS-GMA-based materials [41, 43] . Moreover, the increased plasticity of these bulk fill materials may led to the increased softening effect of the solvents [51] .
The fibre-reinforced composite, TEC and TEC-BF share the Bis-GMA monomer in their matrix system. These materials showed no significant differences in the DTS values after water storage. EVX showed no significant differences in the DTS values after 75% Ethanol/water and MEK storage, DTS values were in the range of 17.06−17.89 MPa. The deterioration of the interface between the matrix and the filler system together with the hydrophilicity of the monomer system could explain the reduced DTS values after solvents storage [15, 57, 60] . TEC-BF demonstrated more resistance to solvent degradation, which could be related to their enhanced photoinitiation system [51, 63, 66] .
In comparing the G-aenial composites, as they share a common monomer system, the GA-F showed the highest DTS in water that might be attributed to its nano-sized filler particles compared to the other G-aenial materials tested in this study. Although GA-A and GA-P have higher filler loading (63%−65%, respectively) compared to GA-F (50%) that did not result in higher DTS. This result demonstrates the very low correlation found in this study between the DTS and the filler loading. That was in accordance with other studies, as they found very low correlation between the filler loading and mechanical properties of dental resin-composites [25, 67] . On the other hand, Chung et al found a clear correlation between the filler loading and the surface hardness and DTS of group of resincomposites [54, 68] .
GA-F represents a recent generation of high viscosity flowable composites with an extended indication of larger restorations. It has been promoted for its unique consistency and comparable mechanical properties to those conventional non-flowable composites. In this study, this material showed a comparable surface micro-hardness to the other investigated materials. GA-F showed no significant difference in the DTS values in all storage media, indicating it resistance to solvent storage. These findings could be attributed to the nano-sized filler in addition to the silane treatment method that was described by the manufacturer as revolutionary in improving the material hydrolytic stability and durability [61, 62] .
In this study, there was no correlation found between the surface micro-hardness and the DTS values. These results is supported by other studies that found no correlation between the surface hardness and DTS values for different ranges of resin-based materials [47, 69, 70] . On the contrary, Medeiros et al. found a strong correlation between the surface hardness and the DTS values [26] .
Notwithstanding, the complexity of the investigated material, and the resin-composites in general, makes the interpretation of the result based on an isolated factor (filler loading, filler size, filler shape and monomer system) unrealistic. Controlled systematic changes to an experimental material composition may help in full understanding the relation between the material composition and its behaviour.
Conclusion
In this study, the investigated materials represented different classes of resin-based dental composites including bulkfill, nano-hybrid, micro-hybrid and fibre-reinforced materials. They represented a range of viscosities including flowable, medium body and packable type. The results were linked to some of the materials compositional differences and the different effect of the storage media. The selection of resin-based material must be done carefully according to the clinical case requirements and conditions. The conclusions can be summarised in the following points
• The non-flowable bulk-fill materials showed comparable results with the other materials.
• Flowable bulk-fill composites showed lower surface microhardness than other bulk-fill and conventional composites.
• The significant decrease in surface micro-hardness of the flowable bulk-fill materials supports the recommendations of the manufacturers to veneer these materials.
• The type of solvent and the material composition significantly affect the extent of the resultant degradation of the material properties.
• Relationship was found between the Filler loading and the surface micro-hardness and it was not found between the DTS values of the investigated materials and their filler loading.
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